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Introduction 

;The primary purposes of this project are to develop and test a high 

speed digital correlator and to investigate application of such a correla- 

tor to detection of radio frequency solar energy reflected fran the lunar 

surface. f 

By performing a crosscorrelation of the signal received by a radio 

telescope pointed toward the moon with that received by another radio 

telescope pointed toward the sun, a direct measurement of reflecting 

properties of the lunar surface can be obtained. 

between the direct and reflected signals is dependent on the aspect 

angle between the sun and mooLl and varies froan 1.27 seconds for an angle 

of 90. (half moon) to 95 microseconds for an angle of 179. (almost new 

moon). 

interval  of delay required for the incident solar radiation to traverse the 

moon. These correlation times vary from 8.2 milliseconds for the half moon 

to 101 microseconds for an almost new moon. 

The amount of delay 

The correlation function will have a significant value over the 

The autocorrelation function of the lunar radiation has the same 

correlation time (i.e. a few hundred to a few thousand microseconds) 

as the crosscorrelation function of the solar and lunar signals. 

autocorrelation function will have its maximum value at the origin and 

therefore the large delays required for obtaining the crosscorrelation 

f’unction will not be required. 

ratio for autocorrelation is much poorer than for crosscomelatione 

The 

As is to be expected, the signal-to-noise 



The effective bandwidth o f t h e  correhtor  must be sufficient t o  permit 

resolution of the fine structure of the correlation function which corresponds 

t o  fine spatial resolution on t h e  lunar surface. 

of the art, a preliminary design goal of 100 Mc,has been set for the 

bandwidth of the correlator although very good performance can be obtained 

fo r  most phases of the moon with one or  two orders of magnitude less band- 

width. 

As dictated by the s ta te  

The correlation functions of interest  i n  t h i s  application are the 

correlation functions of the raw RF signals. If these signals could be 

correlated directly, a relatively smooth correlation function extending 

out t o  the maximum correlation time would be obtained. However, when the 

signals are passed through a bandpass filter such as a radio receiver, the 

correlation f’mction beeunes oscillatory with a fkequency equal t o  the center 

frequency of the f i l t e r .  

f’unction is proportional t o  the desired correlation f’unction. The correla- 

t o r  for this application must, therefore, be one which measures the envelope 

of the correlation function of the receiver output rather than the correla- 

t ion function itself. 

The envelope of this oscillating correlation 

Present Status 

A correlation technique has been devised which measures the envelope 

of the correlation function of gaussian signals. This technique is suit- 

able for determining both autocorrelation and crosscorrelation functions. 

Since the sun’s blackbody radiation i s  an RF signal with an amplitude 

having a gaussian probability distribution, t h i s  technique is directly 

applicable t o  the problem. 

A prelfmimry mathematical analysis has been mde establishing the  
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val id i ty  of the method and pruviding estimates of accuracy and smoothing 

times for  various input si@-to-noise ra t ios .  

The correlator proper u t f l izes  digi ta l  c i rcui t ry  operating a t  a 

1 Mc.rate. 

by sampling the input signal with a narrow pulse ( less  than 10 ns. wide) 

The large effective bandwidth of the  correlator i s  obtained 

occurring at a 1 Mc . rate. The repeti t ion Frcqyency of 1 Mc . was selected 

so as to permit storage and delay o f t h e  digital signals by a ccxmercially 

available large capacity device such as a tape un i t  o r  a magneto- 

strictive delay l ine.  

Experimental work i s  underway on the  input stages of the correlator 

where limiting and sampling of 100 Mc. video signals occur and where 

most of the engineering problew Ue. The configuration of the remainder 

of the correlator has been finaUzed and components are being procured. 

An investigation is underway t o  devise suitable test and calibration 

procedures for the correlator. It is  desired t o  synthesize a video signal 

having a large bandwidth and a relatively long correlation time with a 

non-oscillatory correlation Arnction. It can be shown tha t  such signals 

are physically realizable but so fbr no pract ical  way of generating them 

has been found. 

An anslyt ical  study i s  being carried out t o  detenaine the character- 

istics o f t h e  correlr t ion Atnctions of signals reflected by the moon. This 

study is based upon determination of the forward scattering impulse response 

of the moon for  electro-magnetic waves under various assumptions regarding 

the surface reflectively,  angle of incidenceof radiation and other parameters. 

A computer program is  being prepared which will incorporate the various astro- 

nomical parameters as w e l l  as providing f l ex ib i l i t y  for  handling various laws 



of scattering md various characteristics o f t h e  ante- receiving the 

solar  and lunar signals. A t  the present time it appears that  the reeoh- 

t i on  obtdmble  on the  lunar surf'ace will be Umited i n  one dimension by the 

beamwidth of the  receiving antenna and i n  the other by the bandwidth of the 

correlator. A general &focussing effect  will also occur due t o  the finite 

size of the source, i .e.  the sun, however, this can be dnlmized by using 

a MYTOW beun antenna dimcted tcmrd the sun thus rest r ic t ing the region 

of the sun providing the reference signal  for crosscorrelation. 

hture Work 

3y early fall it i s  exptcted that the first experimental model of the 

This model correlator w i l l  be c q l e t e d  md under test in the laboratory. 

will have a relatively short time delay capacity but should be adequate fo r  

experimental. ntusuraamt of portions of the rutocorrclrtion function of 

lunar reflected solar energy. 

the  University of Michigan Radio Astroncmy R c i l i t y  u w n d  the first of 

the year. 

It is plumed t o  test the correlrtor a t  

Computation will be made o f t h e  expected shape and absolute magnitude 

of the correlation functions of lunar reflected solar energy based on 

various a s s ~ t i o n s  reeding the lunar scattering mechmism. 

tat ions will be used 8 s  a basis for more detailed specifications of 

required correlator perfomace and t o  aid i n  the  analysis of txperi- 

mental dah obtained by actua l  meagurement. 

These compu- 

Studies of testing and simulation w i l l  be continued md a suitable 

calibration procedure w i l l  be developed for the correlator. 


